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Abstract
An experiment has been carried out at the Canfranc Underground Laboratory with a 54 g CaWO4 scintillating bolometer
in the frame of the ROSEBUD (Rare Objects SEarch with Bolometers UndergrounD) Collaboration. This detector has been
developed in order to achieve a good particle discrimination capability by means of the simultaneous detection of light and heat
with the goal of rejecting background in dark matter search. This Letter reports, as a byproduct of such development, improved
limits on the lifetime for α decaying tungsten isotopes.
 2003 Elsevier Science B.V.
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1. Introduction
Alpha decay is a rare phenomenon for medium-
heavy elements (140  A  200) because the small
available energy hardens the Coulomb barrier penetra-
tion. In spite of that, several natural α emitters with
half-lives ranging from 1011 to 1015 years have been
observed (see, for instance, [1]).
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Tungsten is an interesting element because all five
naturally occurring isotopes are unstable with respect
to α decay (see Table 1). Previous measurements for
such tungsten isotopes lifetimes have been reported
using nuclear emulsions [4,5], gas ionization counters
[1] and scintillators of CaWO4 and CdWO4 [6,7].
The only positive indication was observed in the first
measurement [4,5] at 3.2 MeV but it was excluded as
coming from tungsten isotopes by the other posterior
experiments [1,6,7] in which no signal was evidenced
and only lifetime lower limits were derived.
Bolometric particle detection uses a crystal as en-
ergy absorber and a temperature sensor thermally
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Table 1
Isotopes of natural tungsten and their Qα -value
Isotope Abundance (%) [2] Qα (keV) [3]
180W 0.13(3) 2514(5)
182W 26.3(2) 1773.5(29)
183W 14.3(1) 1681.9(28)
184W 30.67(15) 1658.3(28)
186W 28.6(2) 1123(7)
coupled to the crystal. The interaction of a parti-
cle in the absorber produces a small temperature rise
T =E/C, where E is the energy deposited in the
absorber and C is the heat capacity of the bolometer.
In order to produce a T large enough to be measured,
a low C is required. That can be obtained with dielec-
tric and diamagnetic materials (C ∝ T 3) operating at
low temperatures (of the order of mK). This T is fi-
nally converted into an electrical signal by means of
the variation of the electrical resistance of the sensor
with the temperature (for a review on low temperature
particle detectors, see, e.g., Ref. [8]). One advantage
with respect to conventional detectors for particle de-
tection is the wide absorber choice. A good quenching
factor for low ionizing particles versus electrons is also
an advantage for some experiments as dark matter or
α decay (this work) searches. Moreover, scintillating
bolometers (simultaneous detection of light and heat)
offer also particle discrimination capabilities.
This Letter presents the results obtained in the
search for α decay of naturally occurring tungsten iso-
topes with a 54 g CaWO4 scintillating bolometer at the
Canfranc Underground Laboratory. It is a byproduct
of the ongoing ROSEBUD (Rare Objects SEarch with
Bolometers UndergrounD) dark matter search collab-
oration [9–12]. The detector showed an α/β heat sig-
nal ratio of about 1.07, even favorable to α particles,
giving an excellent detection capability for α decays;
for comparison, Ref. [7] reports an α/β light signal ra-
tio of about 0.14 (with a slight energy dependence) for
a CdWO4 scintillator, which implies that the searched
α lines are hidden in the larger β/γ continuum back-
ground. The powerful particle discrimination based on
the light/heat signal has also been applied to calibrate
and identify the α background in the CaWO4 scin-
tillating bolometer. New more stringent limits on the
lifetime of α decaying tungsten isotopes have been
derived and the excellent capabilities of the detection
technique for such searches are also shown.
2. Experimental set-up
ROSEBUD is a long-term cryogenic collaboration
looking for WIMPs (Weakly Interacting Massive Par-
ticles) through their scattering off detector nuclei. In
the experimental runnings referred to in this Letter
three different absorbers have been used: 50 g Al2O3
(B213), 67 g Ge (B265) and 54 g scintillating CaWO4
(B278). Only the last one has been used in this α decay
search.
The bolometers (made and tested at IAS, Paris)
are operated inside a small dilution refrigerator (stick
type, 6 cm diameter, 100 cm long) in an ultralow
radioactivity environment in the Canfranc Under-
ground Laboratory (at 2450 m of water equivalent) in
the Spanish Pyrenees. They are suspended inside an
OFHC (oxygen free high conductivity) copper frame
(coupled to the mixing chamber of the dilution refrig-
erator) by Kevlar wires tensioned to drive the mechan-
ical resonant frequency to the highest possible value
in order to avoid mechanical vibrations. The thermal
sensors used to measure the temperature increase are
Neutron Transmutation Doped (NTD) Ge thermistors
glued with epoxy to each crystal.
The operation point was just below 20 mK. The di-
lution refrigerator is installed in a Faraday cage within
an acoustic-isolated cabin, supported by an antivibra-
tion platform. Pumps have vibration-decoupled con-
nections. To avoid electrical disturbances power sup-
ply inside the cabin is provided by batteries and data
transmission from the cabin through convenient filters
is based on optical fibers.
The external shielding consists of 10 cm of archae-
ological lead and 15 cm of low activity lead (80 ×
80× 80 cm3) enclosed in a plastic box where nitrogen
(evaporated from a dewar) is flushed to prevent the air-
borne radon penetration into the shielding. A µ-metal
screen and 1 mm cadmium foil surround the box. Ad-
ditional lead bricks cover the upper part of the cryostat
to reduce the unshielded solid angle seen by the detec-
tors.
The inner shielding consists of 7.5 mm of lead and
14.4 mm of copper (at helium bath temperature) and
an additional piece of 5 mm of lead (at nitrogen bath
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Fig. 1. Schematic view of the bolometers block and inner shielding.
Fig. 2. Scheme of the double bolometer.
temperature) all around the bolometers block to shield
the intrinsic radioactivity of the stainless steel walls
of the vacuum chambers (see Fig. 1). The outer wall
of the dewar (in stainless steel [11]) was replaced by
a copper one. In the last measurements, two old lead
pieces were placed below the bolometers block: the
first, inside the copper shield is 10.7 mm thick, the
second one inside the helium bath is 16.5 mm thick.
Both have a hole in the middle to allow calibration
from below.
3. Scintillating CaWO4 bolometer
In order to simultaneously measure the light and
the heat produced by particle interactions in the 54 g
CaWO4 scintillating crystal, a double Ge/CaWO4
bolometer has been used (see Fig. 2). The heat is
Fig. 3. Heat signal spectrum up to 7 MeV corresponding to
28.4 hours.
directly seen as a temperature increase of the CaWO4
crystal and the emitted light escaping from the crystal
is absorbed in an optical bolometer where is also
converted into heat. Both heat signals are finally read
in the form of a temperature increase monitored by the
corresponding Ge-NTD sensors. The absorber of the
optical bolometer is a thin Ge disk (25 mm diameter,
100 µm thickness), looking at the scintillating crystal
inside an Ag-coated reflecting cavity. An inner-built
55Fe X-ray source allows to calibrate this optical
detector. The rise time of the sensor pulses allows
to discriminate between NTD sensor (faster) and
absorber (slower) interactions, in the same way as it
was done with the sapphire bolometers [11].
For the calibration of the CaWO4 detector external
gamma sources (57Co and 232Th) were used periodi-
cally, and to adjust the α energy calibration a dedicated
experiment with an inner-built 241Am source was car-
ried out. It allowed to identify the α background lines
which were also used in the final calibration.
The CaWO4 scintillating bolometer has performed
a series of short runs in slightly different conditions.
It has been registering heat pulses up to 7 MeV for
a total live time of 28.4 hours (see Fig. 3), of which
24.2 hours with the simultaneous measurement of
the optical bolometer. We have in addition 25.6 h
of effective data taking (only heat pulses) up to
5 MeV. Fig. 4 shows the total spectrum up to 5 MeV
corresponding to the maximum acquisition live time
(54.0 h) in the heat channel.
Light pulses (λ = 820 nm) are periodically sent
through plastic optical fibers to the bolometers. These
pulses allow also to monitor the stability but in this
CaWO4 bolometer, the high rate lines of 4.27, 4.86
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Table 2
Main α lines observed in the CaWO4. An asterisk indicates the lines
used for α calibration
Isotope Qα (keV) [3] Rate (evt/d)
147Sm ∗2310.3(11) 27±8
238U ∗4269.8(29) 185±19
234U/226Ra ∗4858.5(7)/ 207±19
4870.63(25)
222Rn ∗5590.3(3) 32±9
218Po ∗6114.68(9) 32±8
210Po ∗5407.46(7) 3646±79
211Bi 6750.5(5) 14±10
235U 4678.7(7) 3±3
223Ra 5979.31(21) 12±6
and 5.41 MeV (see Fig. 3) are enough to correct,
when necessary, for gain drifts of the detector. As
a consequence a good overall FWHM (full-width at
half-maximum) resolution, ranging from 43 to 61 keV
in the region from 2.31 to 5.41 MeV, is obtained. The
dead time (∼ 7%) has been estimated from those light
pulses lost during the whole measurement.
4. Background analysis
To select the components of the experimental setup,
a series of radiopurity measurements were previously
performed at the Canfranc Underground Laboratory
using an ultra-low background germanium semicon-
ductor detector. In the CaWO4 bolometer no traces
of natural radioactive chains were observed and up-
per limits of 40 mBq/kg of 228Ac (4n chain) and
80 mBq/kg of 214Bi (4n + 2 chain) were derived.
However, a relatively high background—compared to
that of other bolometers of the experiment [11]—was
observed in the CaWO4 heat signal spectrum (see
Fig. 3). It can be attributed to α and β/γ internal con-
taminations below the level of sensitivity of the Ge
spectrometer.
Calibration runs with an inner-built 241Am source
showed that the energy calibration corresponding to
alphas and betas/gammas differs only in a factor 1.07;
alpha particles produce heat signals a 7% larger than
betas/gammas depositing the same energy. The α
calibration has been obviously chosen to represent the
spectra shown in this Letter.
Fig. 4. Heat signal spectrum up to 5 MeV corresponding to 54 hours.
Two continua up to about 1 and 2 MeV, respectively, can be clearly
seen.
Table 2 lists the most important α lines with
their corresponding rates. The observed activities are
compatible with natural uranium (40± 4 mBq/kg of
238U) but the 238U chain is probably broken at the
stage of 226Ra. There is no indication of 232Th and
an extremely low upper limit of about 0.2 mBq/kg is
derived. In the observed α lines the full energy Qα of
the decay was recorded, hinting to a bulk (not surface)
contamination. The peak around 2.3 MeV was also
identified as coming from α decay of 147Sm (see next
section).
The continuum up to about 1 MeV can be attributed
to a contamination from 210Bi in equilibrium with
210Po (780 ± 20 mBq/kg) which should be related
to an excess of 210Pb (T1/2 = 22.3 yr) giving a much
higher rate than other components of the 238U chain.
Another continuum up to about 2 MeV, more clearly
visible in Fig. 4 (which has more statistics), has not
been identified up to now.
5. Particle discrimination
The simultaneous measurement of light and heat
adds relevant information to that obtained by only
looking at the pulse height of the heat pulses in the
CaWO4 absorber. We can clearly observe two well
separated slopes in the plot of the signal measured
in the optical bolometer in coincidence with the one
measured in the CaWO4 crystal (see Fig. 5). The
different scintillation efficiency (light against heat
signal), higher for β/γ events than for α events, allows
to discriminate such events. Only at very low energies
(interesting for dark matter searches, for example, but
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Fig. 5. Discrimination between α and β/γ interactions with the
CaWO4 bolometer in the Canfranc Underground Laboratory: (a) run
corresponding to 11.6 h of live time and (b) run corresponding to
12.6 h. The region where neutron induced nuclear recoils would
appear is also indicated.
not for this work), the efficiency of the discrimination
should be more carefully analysed. Although neutron
induced nuclear recoils are not observed because of
the underground environment (see Fig. 5) they would
appear at much lower scintillation yields, as shown
(see Fig. 6) with neutron calibration sources in other
dedicated tests performed at Paris [12].
The simultaneous light/heat measurement (see
Fig. 5) shows that the peak observed in Fig. 3 at about
2.3 MeV (corresponding to ≈ 1.5 V in the heat chan-
nel) is clearly an α line. A preliminary calibration per-
formed with the α lines of 238U assigns to this peak an
energy of 2311±32 keV. The most plausible candidate
for such a decay is 147Sm (15% isotopic abundance,
T1/2 = 1.06× 1011 yr, Qα = 2.31 MeV, concentration
in the earth crust of about 1 Bq/kg), which should be
present in the bulk crystal with 6± 2 mBq/kg. Apart
from 147Sm the rest of the low energy α-decaying re-
gion is clean and could be used for placing limits to the
lifetime of tungsten isotopes although the β/γ back-
ground becomes really important there.
Once identified, the most prominent α lines, includ-
ing now the corresponding to 147Sm, are used to more
Fig. 6. Coincident pulses between CaWO4 (slower) and optical
(faster) bolometers for different kind of events: (a) β/γ event, (b) α
event, (c) neutron event. They were obtained in a dedicated 252Cf
neutron source calibration experiment in Paris.
accurately calibrate the heat signal α spectra of the ex-
periment. This calibration presents a good linearity in
all the relevant α region from 2 to 7 MeV. Obviously,
the inclusion of the 147Sm line does not significantly
change the calibration parameters but reduces errors in
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the region of interest (around 2 MeV) approximately
from 30 to 10 keV.
6. Results
To obtain limits for the lifetime of the different
tungsten isotopes, the following expression has been
used
T1/2 
κtN ln 2
S
,
where κ stands for the probability of the events to fall
in the selected energy bin, t for the measurement time,
N for the number of decaying nuclei in the detector
and S for the upper limit of the events searched
for. The latter is obtained using statistical estimators
derived in a Poisson process. Being tungsten a detector
constituent nucleus, efficiency for α particles can be
considered equal to one (negligible escape surface
effects).
For those tungsten isotopes with Qα below 2 MeV,
we can only use the data with light/heat discrimination
because of the high β/γ background level. There, no
α decay is observed below the 147Sm peak (see Fig. 5).
With a total live time t = 24.2 h and taking energy bins
so that κ ≈ 1 the following limits can be drawn at the
90% confidence level (C.L.):
T1/2
(182W
)
 2.5× 1019 yr,
T1/2
(183W
)
 1.3× 1019 yr,
T1/2
(184W
)
 2.9× 1019 yr,
T1/2
(186W
)
 2.7× 1019 yr.
For 180W, being 2.5 MeV a region almost free
from β/γ background, we can use data without
discrimination and so, we could benefit from a larger
exposure time (t = 54 h). Only one event (at an energy
of 2.45 MeV) was observed in the neighborhood (3.5σ
away) of the searched peak (see Fig. 7). Selecting an
energy bin of ±3σ around 2.514 MeV (κ ≈ 1), no
events were observed and a corresponding lower limit
(at the 90% C.L.) was derived:
T1/2
(180W
)
 2.7× 1017 yr.
In a more conservative way, taking an energy bin
containing that event a lower limit T1/2(180W) 1.6×
Fig. 7. Close up of the region (already shown in Fig. 4) used for the
derivation of the 180W lifetime limit. It corresponds to 54 h of live
time.
Table 3
T1/2 lower limits for tungsten isotopes (years). For comparison
some lifetime predictions and the best previously published limits
are also shown
Isotope Model Lower limits (yr)
estimates (yr) [13] (90% C.L.)
Previous [7] This work
180W 2.5× 1018 7.4× 1016 2.7× 1017
7.5× 1017 [14]
182W 1.6× 1033 8.3× 1018 2.5× 1019
183W 6.3× 1038 1.9× 1018 1.3× 1019
184W 3.2× 1036 4.0× 1018 2.9× 1019
186W 2.5× 1057 6.5× 1018 2.7× 1019
1017 yr (at the 90% C.L.) is obtained. Note that all the
limits have been derived on the assumption that the α
decays are dominated by the transition to the ground
state of their corresponding daughter nucleus. The
values obtained for the 180W decay are no more than
one order of magnitude away from the estimates of
some nuclear models (see Table 3). This comparison
shows that, in spite of the low isotopic abundance, the
experiment could be able to reach the expected range
for such a decay by increasing the exposure.
7. Conclusions
We have obtained limits for the lifetime of non-
observed α decaying tungsten isotopes. These results
(see Table 3) represent an improvement of a factor
3–7 over the best previously published limits. In
the experiment no assumptions about the background
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shape are required to identify the corresponding α
peaks. The high particle discrimination power of
scintillating bolometers and its application in nuclear
physics experiments have been also shown.
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